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A BST R A C T
Abriefre vie w ofthebasic dev elopm entsin retrie v als ofs ea su rfac ete mperaLtu r e(SS T)丑o m
sa:tellite IRm e as ur e m BrltSis pres ented first. Then, u s l ng a S emi- e mPlrlC al/ the oretic al m ethod, a
n o nlin ear c orre ctio n sche m efo rS S Tretrievalsin cim s clo udatm o spheresisdeveloped,
1. IN T R O D tJC TI O N
Alls atellite r e m ote se n sing syste m sin clude the m eas ur e m e nt u nits ofthe electr o m agrletic
radiation . The npw ard radia;lio n emitted a nd r e8e cted fro m earth s urfa ce will inter act with
a-tn ospher esin their pr opaga,tio n. s otha:t the sign als re ceived by s a;tellite s en sors wi 1l s uffer
degr ada缶o n and distortio n. T he exte ntof theiTItera Ctio nis afun ctio n of the physicaland chemic al
stru cture of the e arths urfac e a nd aLtmOSPhere, andthe w av ele ngth･ Thus,itis n e c essary to study
the irltera Ctio n of radiaLtio n with atm ospheric Ⅱla:terials a nd earth su rfa cein sa[tcllite re m ote
Se n Slng･
Itis w ell kn o w nthtS S T is o n e ofclim a.tical1ysignirlCa ntS urfa c e variables and, ther efo re, the
ability ofsa:tellite to m o nitorSST flu ctu atio n s aJld changes regularly ov erlarge space s cales is
v eryimportarltfo r c onte mporary studiesinclim atology arid other en viro n m cntals cie n c es. Thus,
si王1Cethe 1970's agre at effo rthasbe enin v estedto produ cean oper atio n al m odela nd o v erc o m e
m a nyfa cto rsthaLt m ake obtaininga c c uratete mpera;tur edifBcult[1-14]. In thispaper, abriefoutlin e
ofthe a:tm ospheric co rre ctio n ofS S Tretriev alsbys atelliteIRm e as 町 e m entSisgiv erlfirst. T he n a
correctio n s che m efor estim ating S S T with A VHR Rdata in cirrus clo ud atm o spher esis
dev eloped･
2. B R IE FREV IE W
Sin c elate 1981, theNO A ANE S DIS hasperform ed oper atio n allythelin ear m ultich an n els e a
s urfa c ete mperatu re(MC S T)retriev als withA V H R R data obtain ed &o m N O A polar- o rbiting
saLtellites[1】. As sho wn by McMillizl and Cr osby[2L the the o retic al basis of the M CSST
algorithm s w asde veloped in1970
'
s
,
whichresultsinan algo rithm of thefo r m
T5 = Tj ＋ †Cri - Tj) (1)
†
= kj / (k]
･ - ki) (2)
wher eTiandTj arebrightn esste mper atu re m e as ure m eTTtS aLt tw odiffere nt w a v el ngthsin the 11-
12pTLwindo w spectralregio n, ki a nd kjthe w a:ter v aporabso rptio n c o efficie nts. Eg.(I)indicates
that thete mperaLturede丘citino n e chaJln el, Ts - Tj, du eto aLtm OSpheric w aLter V apor abs o rptio nis a
lin e arfunction of thebrightn esste mpera:tur edifere n c e(Ti-Tj). Thus, wi thdata take nfro m
m o rethan o n e chan n elthe differe ntia一absorptio ntechniqu e ca nbe u s edto corr ect w ater v apor
- 106-
sorptionin clear a:tm osphe res, with a c onsta nty para m eter.
In pra cdc al us es, ho w ev er,the sirnpli&ing ass u mptio n sleadingto Eg.(1)ar e
.
s u spect ･ Sin c e
19 80s,to r ela土e the o utputsignalto SS Tm ore a cc uraLtely, r n arly authors[3-7]ha v e lTIV eStigEtedthe
effe ct ofatm ospheric w aLter V apor On S atellite-deriv edS S Ts･ Walto n[5】hasdev eloped a n o nlin e ar
rn ultichan n el algo rithm , which is called the cro ssprodu ct se a stufacete mpera;ttu e(c p ss T)
solutio n with the for m
SS Tj
- Tj
C P S S T(ij) = - - - - - - - - - - - - - - I - - - - - - -(Tト Ti) ＋ Tj
S S Tj
- Tj ＋ Tj
* - SSTi
(3)
SS Ti = AiTi 十 Bi (4)
Ti* = Ti ＋ C (5)
forthe dllal windo w andsplit w indo w co mbin atio n s ofcha n n els. Fortriple windo w ch an n els,the
CPS S Ts olutio n ca nbe deriv ed as
C P S ST(3,4,5) - Tll ＋ γ(T3 J - T12 ＋ C) (6)
yt = γd( ト γs)/( ト †s - †d) (7)
Since 1 980s
,
w o rld- wi de v olc anic a ctivities fr equ ently oc cu r, m ajor Cha ngesin the
stra-tospheric aero s olc orltent and des ertduststo r m sgreg:tly alterthepor malatm o spheric spectral
absorptio n char acteristics a nd hav e adr a m aticimpact o n SST m eas ur e m e nts 血) m s atellites,
Therefor e
,
the M C S S T algorithm s hve be en rapidly dev eloped for a;tm ospheric a er os ol
corre ction s[8-13]. W alto n[9]pointed o ut that all thetw o- windo w c orrection algo一ithm sprodu ce
signific ant eZTO rSin the pres en ce of v olc anic a er os ol. T hr eeA V H H R windo w cha n n els c a n
provi de analte m a土e s olutio ntha:tc orre cts str atospheric aerosols asw ellas watervaporabs orptio n.
Xu and Smith[1 0] 触 herthe oretic ally sho w edthe[titis betterto us ethe VAS fo ur- windo w
chann el algorithrn for str ato spheric a eros l c orre ction. h addition, Griggs 【8]s uggested a
techniqu e ofa eros olc orr ectio ntothe A V H R RMC ST alg6ri th7n Sby u sing the aero s ol optic al
th ickn ess てc . May et all 【11]dev eloped ate clm iqu ethgtin c o rpora:tes an ae'r o甲1optic alth ickn ess
ter mdire ctlyinto the CPSS Talgorithm to c orr ectSal1ara ndust aeros olc orltamin atio n, which is-
caled AER ST.
Al tho ughatm o spheric c orr e ctio nforSS Tr etriev als incle ar a nd a er os ol aLtmdspher esha v e
m ade su ch aspr ogr ess, the c orr ectio nin the c o nditio n ofcirr us clo uds stil hav e severelylimited
be ca us e ofthe c omple xities 弧d difBc ulties oftheproble m･ Re ceTItly, Xu a ndS un[14] and Xu et
al.[13]ha v e studiedth is subjecttheo retitally anddern o nstra-ted so m ei171POrtad chara cteristicsfor
re m ote s e nsing ofSS Ts u sing V A S IRobserv atio n sin cirrus clo udcombin edstrB[tOSPheric aero s ol
atm ospheres, a ndre v ealedthe n aLur e andlimita:tio n of the M C S S Talgo rithm sinthes e c o nditio ns.
Ho w e v er, adequ aLte OPer atio nalcirru5Clo udc orre ctio n algorithm is still la ck･ In thefollo w lng W e
pr ese nto urpr elim in ary esultsto w ardthereal i2Etio n ofth is aim r
3. M O D EL S
A11particlesin the a;tm ospher e- ato mic, m olec uhr, aJ ld va riotlSliquidalld solidparticles,
intera ct withr adia:tio n. For sa土ellite re m ote s en slng OfSS Tin IR regiorl, the m ajor err ors res ult
丘o m w a;ter v aporabs orption, a ndthe efFects ofaero s ols and cir ru s clo uds. In thepr ese ntstudy, w e
m ainly e mphasiz ethe effe cts ofcirr us clo uds･
Tw o speci丑c crystal habits,i.e. , he x ago n alc olu m ns andplates are c o n sider ed･ Tw e nty particle
siz edistributio n swith e v ery one in cluding a s uperpositio n of tw o m odified r ･ fun ctio n
distributio n s ar e con structed . The clo udic e- w a:ter c orlte nt(I W C)ra ngcs舟o m3 × 10
15
Io 0.25
gm
-3
, andthe c orre spo nd ing effectiv eparticle siz e re r anges丘o m30to3 25pTlfor c olum ns and
- 1071
&o m4 2to4 49LLmforpla[tes.
Itis assu m ed thaLfic e crystals of cir rus clotLds ar e ra ndo mly o rie ntedin spa c e. T he single-
sc attering properties ofice, c rystals are c o mputed bytheimpro v ed r ay- opticstheory[15-1 6】 and
Mietheory withthe criticaldim en sio nLc - 45トLm .
The clo ud layeris co n sidered a splan e-parallel, horiz o ntally ho m ogen eo u s and v erticaly
inl10 m Oge71 eO u Swi th皿 impr o v ed tw ol a:yeric e rn odel[17]being us ed. For m ultiple s ce[ttering
r adiativ etr an sfer calc ulatio nsthe adding/do ubling m ethod[18]is e mployed, a nd the an alytic
Henyey- Gr ee n stein phaseRltlCtionis u sed .
･ Fo u r atm ospheric m odels, n 即 n ely,i.e. , Standard Atm ospher e, Tropical, MidlaLtitude Su m m er,
and M id htitude W inter are c o n sidered. M ole culaJr S CaLttering a nd abs orptio nwith thebackgr o und
strato spheric aerosols aretakeni血 o ac co u nt,a Jldcalcula土ed byL O W T R A N 7 Code[19].
4. COR R E C T IO N S CIIE M E
Assho wn in Fig. 1, theb rightn esste mpera;ture ofchan n e1 4, Tb(1 1),is r ehted lin earlytothat
of chaJ u e1 5, Tb(12). This rehtio n shipis c o nsider ed in o urfor m uhtio n of SST retriev al
algorithrn s･ Fig･ 2 sho w sthatdetermin atio n of a s uitable 血n ctio n rehtio n ofthe clo ud optic al
thickn ess てIl and A Tb(317 - ll), i.e･ , て, 1 = f [A Tb(3･7 I ll) ],is
.
v e ry importBLnt for
establish ingther etriev alm odel･In thepresentstudy, w e simply u s ethefo llo w lnge xpr essio n :
T11 〒 a - (Tll - T,., ＋b)
l n
(8)
Info r mul 血o n ofthe r etrievalfo m ulas, thepar am eterbn e eds tobe cha ngedgradual ly s otha;tthe
err ors ofthe r etriev alfo m ulas ar e redu c edto a minim um
.
To investigate the cirr us clo ud c orrection o n sa[tellite-deriv ed S STs, a s emi- e mpirical/
theo retical m ethod is e mployed. The sa:tellite da払 w er etake n 丑
･
o m N O A A-ll AV H R R
m e as ur e m e nts, wi ththr早eda;ysin 1993beingfotlndto be in 血e n ced by cirr us clo udsin the 15
0
-
3 2
0
N htiude baJld, The brightn esste mper血 res retie v ed by using the NOA A NES DIS
C L A V R(Clo uds- fro m- A V H A A) globalpr ogra m[2 0]are e mployedto getthe estirn a壬e v alu es of
SST･ Me a n while
,
rl u J71 e r O u Sbrightn esste mperzEtureS
”
obs e rv ed” bythethre eAV HRRIR chan n els
in differe nt atm o spheric m odels withdiffere nt m acro- a nd micro-physics of cir rus clo uds, a nd
diffe reTIt Satellite z enith arlg e(0
0
- 60
0
)c anbe calc ulated. The n, thethe oreticalsim ulatio ndata
c o nlb inedwithsateliteobservatio ndatatogether are us edto s etupthe S S Tretriev aleqtlation sfor
threediffere ntSsr clim ate regio n sbystepwise regresio n analys es, r e spe ctiv ely.
Fo r2 97.0 ≦S S T≦3 04.0 K, w ehav e
SST = ao ＋ al(Tll一 寸12)十 a2(T,.7 - CL)T12＋ a3(T3 7 - Tll)×
(Tll - T3.7＋ β)
1f2
＋ a.(Tll - T.2)/(1 - si叩)
＋ a5(Tll - T12)(S eCO - 1) (9)
wher e oc aJldβshotlldbe changedin e achstepwis e r egressio n s othaLta minim um standarderroris
obtain ed
,
whichare ref rredto as”the co ntrolpar 加 Iet rS
”
,
la stly α
- 52 0andβ= 35; ao= 331.96 4,
al
= 6.6 8847, a2= 0.0 0043, a = -0.019, a4= -4.29 24, a5= 0.13 848.
For29 1≦S S T≦29 9 K
,
after n utn er oustests
,
the m odelisdetermin ed as
SST - O100 51 T3.7 ＋ 1･3 936 8(Tll- T12) - 0.00 29 9 T12(T37 - 53 8)
＋o･2 4312(T3 7 - Tll)(T.ll
- T3 7＋ 3 5)
Ira
- o･36696×
(T)1- T】2)/( ト sin(p) 1 0.1 265 T3.7(s ece - 1)
＋ 77･533 ･ (10)
For284≦S S T≦291 K, perforrn lng alotofn um ericalexperim ents, w ehav ethe m odelas
S S T- ao ＋ alTll＋ a2T12/(I - sinq) ＋ a3T3.7(Tll- T12)
＋ a4(TIT - T12＋ α)sing, ＋a5(T3.7
- Tl.＋P )
lr2
(s eco-γ) (ll)
- 108 -
wher e ao I 22 6L7 803 7, al ≡ 0･24901, a2 = - 0･13$ 05, a3 - - 0･00711, a4 = 5･701 07, a5 ≡ 1 0.1 7797;
the controlpara m eters α- 18,β- 20 0,† - 7.
Xu et al.[13]hav e a n alyz ed the in恥 en c es of cir ru sclo uds c o mbin ed widl differe nt
straLtOSpheric aero sols o nV A S S S Tr etrie v als and theli mitaLtion of M C S ST algoiithm s, which
pointed o utthatfor stlCh ashighn onl in e arSST retrie valpr oble m s, o n ew ay forimpro vingthe
retrievala ccu ra cyis afurtherincre ase inIRwindo w cha - els･.Fo rVA Ss en so r, fo rin sta n ce, the
optim al M CSST retrieval equ ation that c orr ects the effe cts of cir ru s clo uds combin ed with
stralospheric aer os ol 皿da;trn osphericgas esi afiv e-IRwindo w chan n elalgorithm . ForA V H R R
s en s or, ho w e v er, ther e are o nlythreeIR windo w ch an n els. Further m ore, a s sho w nin Fig･ 1, the
brighh esste mpera[tur e ofchan n el4, Tb(1 1),is rel地 d lin e arlytotha;Iofch皿 n e1 5, Tb(12). Thes e
indic ate thatin ge n er al itis n ot easy to establish a M C S S T algorithn witll Sa:tisfactory ac cur acy
usingtheA V H R Rthre eI Rwindo w cha m els umder cir ru s clo udc o nditons･ In 也e pr es eTttS udy,
w ehav edev eloped ateclmiqu eto s et up a n onlin e arSS Tretrie v al algorithm to c orre ct the effects
ofte n u otlS Or m OderaLte Cir ru s clo uds(Tc ≦ 3･6)I The effects ofthe sa土ellite obs erv atio na ngle0
andthelat加de ? ar e c o n sidered, with0≦4 5
0
andq) ≦ 45
0
. Furtherm or e,to incre as ethe r etrieval
accur acy , w efo r mmiLted the equ alion sforthre ediffere ntSS Tclim ate regiorlS･ Thes e m ea ntha;t
theinBu e n c es ofcir ru s clo uds a nd atm ospheric co ndito n sin differentreglO n S anddiffere ntS S T
clim aLtOlogyhav ebe entakeninto a cc o unt. Clearly, o u r n o nli ear reti v al m ethodisdiffere ntB･o m
theCPSS Talgo ritbm【5]･
5. C O N C L tJTI O N S
By using a s e mi一号mpiric al /the or eticalrn ethod, a hodinearc orre ctio n s che m eforS S T
retrievalsiTI Cir m s cloud 由 m ospher eshasbee npr opo sed. In diethe oreticalsim ulatio n,
I
two shapes
of ice crystals, i･e ･, he x ago nalcolu m n s and plB[teS, ar e c o n sidered, a nd tw e nb, particle size
distributio n s ar e c o n stru cted. A s uitable sea,ttering m odelfo r n on spheric alparticlesis e mployed･
M e anwhile, N O A A-ll A V HRR obs erv ation da[ta ar e us ed. Forthre edifFerent S ST clim ate
reglO nSin thela触dc? ≦4 5
0
, a nd the clo ud optic althickn ess てc ≦ 3.6 and the s atellite zenith
a ngle0 ≦45
O
,
a s etof the n oplin e ar reti valequ atio n s(9),(10)BLnd(ll)ha sbee n setup, with
the standard devia[tio n s
,
cF
,
beingO･668, 0･669, aJld0.659, r e spectiv ely. The prelimin ary results
de m onstrate thatthe n o nlin e ar c orr e ctio ntechniqlユeisfe asible.
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